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INTRODUCTION 


This  study  was  undertaken  to  provide  an  aeroballistic  data  base  for 
Project  HOWLS  (Hostile  Weapons  Location  System)  , an  ARPA  initiated  task 
administered  by  the  Lincoln  Laboratory  of  the  Massachusetts  Institute  of 
Technology.  The  term  aeroballistic  here  is  used  in  a very  broad  sense  as 
the  study  was  initially  intended  to  cove"  both  US  and  USSR  projectile 
character  istics:  dimensions  and  inertial  properties,  trajectories,  zoning, 
dispersion,  and  aerodynamic  coefficients;  control  aerobal I istics:  experi- 
mental and  analytical  statusof  spinning  projectiles  with  aerodynamic  con- 
trol surfaces  (especial ly  canards) ; present  and  Drojected  fuze  dosions; 
gun  launch  environments  and  hardenina  capabilities  (especially  sensors); 
and  terminal  bal listics  and  effects:  lethality,  vulnerability,  and  sensi- 

tivity coefficients . 

The  tasks  discussed  above  were  to  have  been  completed  by  the  end 
of  January  1976  (nine  months  from  the  starting  date  of  1 May)  . Changes 
in  FY  1 976  funding  for  the  entire  HOWLS  program  resulted  in  Lincoln 
Laboratory  requesting  in  September  that  work  be  halted  at  that  point  and 
triai  wrid lever  had  been  accomplished  up  to  that  point  be  reported. 

In  order  to  make  this  repo.*"  more  widely  useable,  it  has  been  divided 
into  a main  report  and  an  addendum.  The  main  report  contains  no  classified 
information.  All  of  the  classified  information  is  in  the  addendum;  this  in- 
cludes some  range  information  on  US  rounds  currently  being  developed 
and  all  of  the  information  on  Soviet  munitions. 

The  reprogramming  of  funds  by  the  HOWLS  ProjeCv  sponsor  resulted  in 
funding  being  directed  to  other  tasks  than  this  one.  The  effect  of  this  is  dis- 
cussed where  appropriate  in  this  report.  A useful  data  base  has  been  created 
which  can  be  extended  to  its  full  capability  at  a later  time. 

DISCUSSION 


Aeroballistic  Characteristics 
Weapons  and  Projectiles 

The  main  published  sources  of  information  on  US  Army  weapons  in 
use  at  the  present  time  and  the  plans  for  the  future  are  References  1 and 
2.  These  references  should  certainly  be  obtained  as  part  of  the  overall 
program . 
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The  indirect  fire  weapons  currently  considered  to  be  active  (some 
reserve  units  and  US  allies  may  still  be  using  others)  are: 

1.  4.2  inch:  M30  Mortar 

2.  105mm:  M101A1  Towed  Howitzer,  M102  Towed  Howitzer 
(air  mobile);  M108  Self-Propelled  Howitzer  (only  in  some  active  National 
Guard  and  US  Army  Reserve  units) 

3.  155mm:  M109  Self-Propelled  Howitzer  (conversion  to  Ml 09A1 
expected  to  be  completed  by  FY  1976,  one-half  had  been  converted  as  of 
October  1974),  M109A1  Self-Propelled  Howitzer,  M114A1  Towed  Howitzer; 

4.  175mm:  M107  Self-Propelled  Gun  (wiil  be  phased  out  when 
Ml  10E2  is  available) 

5.  8-inch:  Ml  10  Self-Propelled  Howitzer . 

The  future  mix  of  weapons  is  expected  to  be: 


1.  4.2  inch:  M30  Mortar 


2.  105mm:  XM204  Towed  Howitzer 


Howitzer 


3.  155mm:  XM 198  Towed  Howitzer,  M109A1  Self-Propelled 


4.  8-inch:  Ml  10E2  Self-Propelled  Howitzer 

The  various  types  of  indirect  fire  projectiles  currently  being  used 
in  and  supplied  to  the  field  for  these  different  weapons  systems  were 
determined  from  a variety  of  sources.  Among  these  sources  were: 
Department  of  the  Army  publications  (Ref  3-17) , Ammunition  Devolopment 
and  Engineering  Directorate  (ADED)  at  Picatinny  Arsenal , Ballistic 
Research  Laboratories,  Edgewood  Arsenal,  and  the  US  Army  Field  Artillery 
School.  The  results  are  shown  in  Table  1 . 
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Table  1 


Currently  active  fielded  projectiles  (US)a 


Bore  size 

Projectile  designation 

Type 

M329A1 

High  Explosive  (HE) 

4.  2 Inch 

M329A1E1 

HE 

(Mortar) 

M328A1 

White  Phosphorus  (WP) 

M335A1 

Illuminator  (Ilium) 

Ml 

HE 

M 60 

Gas 

MCO 

Smoke 

1 05mm 

M60 

WP 

M31 4A2E1 

1 1 lum 

M444 

Improved  Conventional  Munition 
(ICM) 

M 548 

HE,  Rocket  Assisted  (RA) 

Ml  07 

HE 

Ml  1 0 

Gas 

mho 

WP 

Ml  2 1 A 1 

Chemical 

1 55mm 

M485E1,  E2 

Ilium 

M449,  El,  E2 

ICM 

M 549 

HE,  RA 

M454 

Atomic 

M483A1 

ICM 

175mm 

M 43 7 At , A 2 

HE 

Ml  06 

HE 

M 426 

Chemical 

0-lnch 

M 404 

ICM 

M422 

Atomic 

M424 

HES 

The  corresponding  avaiiable  data  for  Soviet  weapons  and  projectiles  is 
in  Table  !A  of  the  Addendum. 

US  projectiles  riot  yet  released  or  still  under  development  are  listed 
in  Table  2 . 


3 


*1-...-  -4-4T. 


«&.*■ 


Table  2 

Projectiles  in  development  (US) 


Bore  size 
1 05mm 


1 55mm 


8-Inch 


Projectile  designation 


Type 


XM710 

ICM 

XM708E2,  E3 

HE 

XM718/741 

AT  (antitank) 

XM692/731 

AP  (antipersonnel) 

XM687 

Bulk  Cannister 

XM712 

Cannon  Launched  Guided 
(CLGP) 

XM650E4 

HE,  RA 

XM711 

HE 

XM  509 

ICM 

XM736 

Bulk  Cannister 

XM  753 

Atomic,  RA 

Proj  ectile 
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Projectile  Dimensions  and  !neitini  Pr  operties 

This  section  presorts  t'm  best  dau  currently  available.  They 
represent  contributions  from  many  secbous  of  Picnlinny  Arsenal,  Ballistic 
Research  Laboratories,  Yuma  Proving  (>rounJ,  anQ  Fdgewoori  Arsenal. 

It  must  be  realized  that  both  production  a no  developmental  projectiles 
change  in  these  characteristics.  Many  of  the  fielded  and  stock-piled  pro- 
jectiles were  developed  at  a Frr.a  when  close  attention  to  shepo  and  inertial 
properties  was  not  considered  necessary  aria  tnerefore  the  measurements 
available  are  both  tew  in  number  and  old  (Ref  18  and  19)  . Production 
lots  also  vary  in  these  character istics  due  both  to  'minir"  changes  nade 
over  the  years  and  changes  in  the  method  of  nanyfacturo  and  of  manufacturer . 
The  developmental  projectiles  are  exactly  that  and,  hence,  a'  e subject  to 
changes  in  properties  during  the  development  cycle.  Ai!  of  tins  is  in 
addition,  in  both  the  above  cases,  to  the  normal  deviations  to  be  expected 
from  round  to  round.  A • I values  given  ore  tha  nominal  values 

WPh  these  caveats  in  mind,  the  p.  ojectile  dimensions  and  inertiai 
properties  are  given  in  Table  3 to  7.  The  properties  listed  are  a[so  defined 
in  Figure  1.  The  tabulated  dimensions  are  ad  given  in  calibers  (center  of 
gravity  is  from  the  nose,  where  nose  means  the  tip  of  the  fuze  and  an 
exterior  length  of  3. 75  inches  was  used  for  the  fuze)  except  for  the  shell 
diameter  (DIA)  which  is  given  in  inches.  Weight  is  tabulated  in  pounds 
and  the  moments  of  inertia  are  in  pounds-inches  squared.  A few  shell 
which  are  being  or  have  been  deleted  from  the  inventory  and,  therefore, 
do  not  appear  in  Table  1 are  included  in  these  tables  to  provide  a moi  e 
complete  data  bank. 

The  data  for  Soviet  projectiles  are  presented  in  Table  2A  which  is  in 
the  classified  Addendum  to  this  report. 
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One  often  hears  the  nomenclature  in  this  area  used  loosely  and  inter- 
changeably. To  be  exact,  a "Charge"  is  a standardized  amount  of  a par- 
ticular propellant  which  produces  a desired  muzzle  velocity  for  the  pro- 
jectile and  weapon  under  consideration.  A "Zone"  is  the  distance  on  the 
ground  between  the  range  at  maximum  range  quadrant  elevation  and  the 
range  at  maximum  quadrant  elevation  for  a given  charge,  projectile,  and 
weapon. 


ertia!  properties  nf  4.2  inch  projectiles 


for  definitions 


Table  H 


for  definitions 
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Table  6 
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Dimension?  and  inertial  properties*of  175mm 
projectiles,  M437A1,  M437A2 


LOA,  cal 

5.48 

A 

OGL 

2.93 

BTL 

1.00 

XCG 

(nose) 

3.50 

DMP 

0.080 

DRB 

1.032 

OGR 

25.0 

3ML 

0.00 

DBA 

0.713 

i 

J/ 

DBM,  cal 

0.00 

DIA,  inches 

6.885 

(meters) 

(0.1749) 

IA,  lb 

. 2 
-in 

954. 

(kg-m  ) 

(0.279) 

IT,  lb 

. 2 
-m 

11800. 

(kg-m  ) 

(3.45) 

WGT,  lb 

147.8 

(N) 

(657.4) 

*See  Fig  1 for  definitions. 
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Table  8 

Zoning  Solutions  - muzzle  velocity  (m/s) 
4. 2-inch  mortar,  M3-0 


CHARGE 

(INCREMENTS) 


EXTENSION 


M329A1 


M329A2 

(M329A1E1) 


M329A2  uses  a different  set  than  the  others.  Not  all 
increments  are  shovm  for  both  sets. 


178.  5 

211.  G 

241.3 
268.5 

294.4 
314.9 


- i ir  .'♦■ft!*  f"  '-iS 


Zoning  so’utions-murzle  velocity  (tn/s),  155mm  systems 


Table  10  (contd) 


Table  1 1 


Zoning  solution,  muzzle  velocities,  175mm  system 
(self-propelled  gun,  M107,  projectile  M437A1 , A2) 


CHARGE 

- 

MUZZLE  VELOCITY 
(m/s) 

1G 

510.5 

(XM124) 

1W 

510.5 

(M86A1 , A2) 

2W 

704.1 

(M86A1,  A2) 

3W 

914.4 

(M86A1 , A2) 

Zoning  solutions,  muzzle  velocity  (m/s),  8-inch  systems 


$ 


CO 
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>: 
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"7 
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- 
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/ 
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/ 

~ 
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~ 
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~7 
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/ 
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r/ 
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r 

rH 

£ 

X 



Si* 

w 

o 

tn 

v£> 

X 

247  . 
244. 

270. 

263. 

<T»  'Tv 
<T>  vJv 
CM  CM 

341- 

345. 

l 

405. 

415. 



sr  cm 
cm  sr 
' t sr 

497. 

512. 

588. 

602. 

e 

*0 

r * 

o a> 

Z 

*3 

< 

No 

Addendum 

sr 

CM 

sr 

\ 

CM 

eg 

sr 

s 

254.5 

260. 

359.  7 
366. 

547.1 

552. 

L 

1 

ro 

r- 

S 

X 

— 

07 

' 

P 

n 

C7 

/ 

r? 

w 

r 

7 

I 

r 

V 

/ 

/ 



M509E1 

240.6 
2 39. 

L 

L 

V. 

r 

n 

n sr 

0 VO 
M CM 

295.4 

296. 

338.7 

341. 



407.  3 
410. 

416.8 

439. 

492.0 

509. 

581.0 

591. 

0 ^ 
z & 

vD 

No 

755. 

sr 

o 

sr 

£ 

O' 

(T1  lD 
sr  J") 
CM  CM 

274.3 

230. 

304.8 

310. 

349.3 

353. 

418.2 

421. 

418.2 

448. 



rH 

r-  cm 
cn  (N 
sr  lo 

m 

rH  sr 

CD  O 

LD  V£) 

No 

707. 

Nc 

768. 

S'OTW 

249.9 

255.5 

274.3 

280.5 

304.8 

309.8 

350..  5 
354.0 

420.6 

423.8 

420.6 
446..  0 

499 ..  9 
519.8 

594.4 

607.0 

— 

No 

710.  4 

No 

771.  3 

WEAPON/SHELL 

M110 

M110E2 

Ml  10 
M110E2 

M110 

M110E2 

M110 

M110E2 

Ml  10 
M110E2 

M110 

M110E2 

M110 

K110E2 

M110 

M110E2 

M110 

M110E2 

M110 

M110E2 

j CHARGE 

1 

1 

(Ml) 

2 

(Ml) 

3 

(Ml) 

4 

(Ml) 

r-H 

1/1  S 

5 

(M2) 

CM 

kD 

7 

(M2) 

8 

(XM188E2) 

9 

(XM188E2) 
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A Charge  is  usual iy  also  identified  by  a one  or  two  character  alpha- 
numeric code  for  ease  of  referencing  (firing  tables,  etc.)  . Quite  often  there 
is  more  than  one  type  of  propellant  (the  difference  can  be  in  either  compo- 
sition or  shape  or  both)  used  in  the  same  weapon  system.  These  types 
have  an  official  designation  also . For  example,  the  155mm  M109A1  Howitzer 
currently  uses  three  such  propellant  types  designated  as:  M3A1,  M4A4, 

and  Ml  19.  There  are  five  different  amounts  of  the  M3A1  propellant  used 
and  identified  as  Charges  1C  through  5G;  five  different  amounts  of  the 
M4A2  propellant  identified  as  Charges  3W  to  7W;  and  the  Ml  19  propellant 
has  one  charge.  Charge  8. 

A zoning  solution  for  a weapon  system  has  as  its  main  goal  the 
assurance  of  a range  over-lap  between  the  zones  of  adjacent  charges  or, 
at  the  very  least,  the  avoidance  of  a gap.  Quite  often  practical  aeroballistics 
will  also  affect  these  solutions  since  all  shell  have  some  Mach  number  and 
quadrant  elevation  regions  where  they  exhibit  lower  performance  than 
over  most  other  regions.  A judicious  selection  of  launch  velocities  can 
often  help  alleviate  the  effect  of  such  flight  regimes  and  therefore  decrease 
dispersion  and  increase  effective  range.  1 

It  can  be  seen  that  a zoning  solution  consists  of  a set  of  muzzle  ■*'  j 

velocities  which,  in  turn,  determines  the  charge  (type  and  amount)  for  a \ 

specific  weapon  and  projectile.  I 

-rhese  zoning  solutions  have  been  tabulated  for  US  weapon  systems  > 

from  the  4.2  inch  Mortar  to  the  8-inch  Howitzers  in  Tables  8 to  12.  These  3 

are  based  on  References  3 to  17  and  data  provided  by  Firing  Tables  Branch,  ; 

BRL;  Yuma  Proving  Ground;  numerous  sections  of  the  Ammunition  Develop-  j 

ment  and  Engineering  Division,  Picatinny  Arsenal,  and  Edgewood  Arsenal  . j 

Note  that  the  4.2  inch  Mortar  differs  from  regular  artillery  weapons  in  hav-  i 

ing  only  three  quadrant  elevations  and  many  muzzle  velocities  (charge  < 

increments)  . Thus,  Table  8 has  only  selected  charge  increments.  If  a j 

complete  tabulation  is  needed,  they  can  be  found  in  References  3 and  4.  J 

The  zoning  solutions  that  are  available  for  Soviet  weapon  systems  are  in  j 

Table  3A  in  the  classified  addendum  to  this  report  and  so  is  classified 
data  on  US  projectiles. 

Rocket  assisted  projectiles  (RAPs)  require  more  than  their  launch 
velocity  to  be  specified  in  order  to  predict  their  range  and,  hence,  their  j 

zones.  Therefore,  the  necessary  remaining  information  beyond  that  in 

the  inertial  properties  tables  for  before  and  after  burning  and  the  aero-  ■ 

dynamic  coefficients  in  Appendix  B are  presented  here  in  Table  13  for  US 
RAPs  (insufficient  data  is  available  on  Soviet  RAPs)  . 
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Table  13  . 

Rocket  assisted  projectile  thrust  data 


Projecti  le 

Delay  time3 
(sec) 

Burn  time 
(sec) 

Thrust 

(lb) 

Drag  form  factor 
(during  burning) 

M548 

14. 

2.3 

92.5 

1.00 

M549 

7. 

2.5 

558.0 

1.00 

XM650E4 

7. 

3.0 

786.  5 

0.96 

XM753 

7. 

3.0 

786.  5 

0.96 

aTime  from 

launch  to  motor  ignition 

19 


1 


t 

i 

t 


Zoning  information  for  the  XM712  is  also  available  from  the  trajectory 
data  in  that  section  of  this  report  and  in  the  zoning  section  of  the  Addendum. 

Dispersion 

The  US  Army  has  standardized  upon  the  probable  error  as  the 
measure  of  dispersion.  Range  and  deflection  dispersion  are  treated  as 
separate  one-dimensional  problems.  Since  a probable  error  in  range  or 
deflection  is  defined  as  the  distance  on  both  sides  of  the  mean  point  of 
impact  (MPI)  which  together  will  include  (in  a statistical  sense)  5C?>  of 
the  rounds  fired,  a one-dimensional  probable  error  is  0. 6745  of  the  un- 
biased standard  deviation. 

These  probable  errors,  range  and  deflection,  are  tabulated  in 
References  3 to  17  in  their  supplementary  data  tables.  They  are  also  shown 
in  the  probable  error  columns  in  the  compacted  firing  tables  in  Appendix  A 
of  this  report. 


"Firing  table"  values  are  usually  the  smallest  measur 


disp 
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Various  other  measures  of  dispersion  are  thoroughly  discussed  in  Reference 
1 and  the  pertinent  excerpt  is  included  here  verbatim.  The  only  changes 
have  been  to  include  some  curves  of  the  "firing  table"  values  (these  are 
labeled  "precision"  since  they  conform  to  that  definition  in  Reference  1)  on 
their  graphs  and  to  adjust  figure  and  reference  nomenclature. 


"One  of  the  most  confusing  field  artiilery  performance 
characteristics  is  the  delivery  accuracy.  Table  14  lists  both 
the  precision  and  MPI  probable  errors  for  conventional  and 
extended  range  projectiles.  Precision  is  the  scatter  of  burst 
points  about  the  mean  point  of  impact  (MPI)  of  a group  of 
rounds  fired  from  a single  weapon  on  a single  occasion  from 
a single  site.  The  MPI  is  the  mean  range  and  mean  deflection 
of  a set  of  impact  points,  if  the  rounds  are  fuzed  for  air 
bursts,  the  mean  burst  height  is  also  included.  The  MPI 
is  not  necessarily  the  aimpoint  or  tjrget.  The  probable 
error  in  precision  is  usually  expressed  in  meters  (rn) 
measured  from  the  MPI  If,  for  example,  at  a certain 
range  50  percent  of  the  projeexiles  fall  between  the  mean 
range  plus  10  m and  the  mean  range  minus  10  m,  the 
precision  probable  error  in  range  is  10  m at  that  specified 
range.  The  listed  precision  errors  are  given  in  units  of 
percent  range  (range  at  which  measurement  is  valid)  and 
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mils  deflection.  The  values  given  are  average  values  that 
may  occur  between  75  percent  of  maximum  weapon  range 
and  maximum  range  at  the  top  charge.  For  instance.  Table 
1 4 I ists  0.21  percent  range  and  0.65  mils  as  tha  precision 
error  for  the  M101A1  howitzer  firing  conventional  munitions; 
therefore,  the  precision  probable  error  in  range  at  maximum 
range  ( 1 1 . 0 km)  is  23. 1 m and  the  precision  probable  error 
in  deflection  at  the  same  range  is  7.0  m.  At  75  percent 
maximum  range  (8250  m) , the  precision  probable  range  and 
deflection  errors  are  17.3  and  5.3  m,  respectively.  The 
listed  precision  data  are  not  applicable  to  ranges  less  than  /5 
percent  maximum  weapon  range  (precision  error  vs  range 
is  nonlinear)  or  to  charges  (zones)  other  than  top  cnarue. 

To  describe  a more  realistic  delivery  accuracy,  the 
mean  point  of  impact  (MPI)  error  is  used.  The  MPI  error  is 
defined  as  the  scatter  of  MPIs  about  an  aimpoint . The  aim- 
point  is  not  necessarily  the  target,  there  may  be  an  unknown 
targei  location  error.  Precision  errors  are  caused  primarily 
by  inherent  errors  in  a single  weapon  and  ammunition  system, 
but  MPI  errors  are  caused  by  system  errors  such  as  imperfect 
aiming  procedures  and  erroneous  meteorological  predictions. 
In  a fire  mission  adjusted  by  a forward  observer,  the  primary 
source  of  MPI  error  will  be  the  forward  observer's  adjustment 
and  iocation  inaccuracies.  In  the  Met  t VE  pr  edicted  fire 
mission,  however,  the  MPi  error  wiil  he  caused  by  meteoro- 
logical errors  (Met)  ar.a  velocity  errors  (VE'T  such  as  ti.be-to- 
tube  differences  (in  a battery)  and  registration  errors  (a 
registration  is  never  truly  accurate,  but  it  i?  assumed  to  bo 
so:  therefore,  there  is  a constant  residuai  error  ior  each 
registration)  . The  largest  meteorological  error  results  from 
the  inability  to  satisfactorily  predict  wind  velocity  and 
direction.  This  ballistic  wind  error  may  be  150  percent 
larger  than  any  other  single  met  error.  Available  Met  + MP! 
probable  errors  are  given  in  Table  14  in  units  of  percent 
range  and  mils  deflection.  As  before,  these  are  average 
values  that  may  occur  between  75  percent  of  maximum 
weapon  range  and  maximum  range  at  top  charge. 

Figures  2 through  7 graphically  describe  the  range 
and  deflection  MPI  probable  error  (in  metres)  as  a function 
of  range  for  selected  weapons  firing  Met  n VE  missions,  in 
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Field  artMlory  cannon-type  weapon  systems 
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most  illustrations  several  zones  are  represented  and  identi- 
fied by;  for  example,  I (Charge  1),  II  (Charge  2),  and  1 1 1 w 
(Charge  3,  white  bag)  . Several  features  of  this  series  of 
figures  are  outstanding.  First,  although  low  charges  are 
designed  for  short-range  operation,  at  certain  ranges  the 
low -charge  error  is  nearly  double  that  of  the  top  zone  at 
the  same  range.  A principal  cause  of  this  phenomenon  is 
projectile  instability  due  to  slower  launch  velocities. 

Cannon  life  expectancy  is  advantageously  extended,  how  - 
ever, when  lower  charges  arc  used.  Figures  3 and  4 show 
that  the  M109  firing  the  M549  RA  projectile  has  a smaller 
MPI  range  error  than  the  M109  firing  the  M107  HE  projectile 
at  ranges  above  8 km  with  Charge  7.  At  12  km,  the  M109/ 
M549  RA  has  an  MPI  range  probable  error  at  74  m;  tine 
M109/M107  HE,  90  m.  These  values  seem  i I log  i ea  1 1 y re- 
versed. One  possible  reason  for  this  unexpected  result 
may  be  that  the  RAP  is  less  sensitive  to  ballistic  winds 
because  of  tne  inherent  in-flight  propulsion  and  improved 
aerodynamics.  Figure  7,  the  MPI  probable  error  of  the 
M107  175mm  gun,  shows  the  error  magnitude  that  may  be 
expected  for  30-km  systems:  range  probable  error,  20m; 

deflection  probao'  : error,  110  m.  This  is  not  the  end  of 
the  delivery  accuracy  story,  however,  as  best  shown  by 
the  Helbat  I tests  (Ref  20)  wnere  simulated  operational 
readiness  tests  produced  some  errors  greatly  in  excess  of 
those  given  by  the  MPI  curves:  for  an  Ml 03  howitzer  firing 

to  an  average  range  of  9.0  km,  graphical  range  probable 
error  was  135  m and  deflection  probable  error  was  86  m. 

The  MPI  probable  errors  for  the  same  range  and  zone  are 
as  follows:  range  probable  error,  85  m;  deflection  probable 
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km  and  since  all  Helbat  missions  were  not  strictly  Met  + 

VE  types,  a direct  comparison  of  the  Helbat  I data  with  the 
MPI  error  curves  may  be  questionable:  but  the  effect  of 
human  error  obviously  should  not  be  ignored".  . . 


Further  discussion  of  this  topic  may  be  found  in  Reference  21 . 


For  any  case  in  Appendix  A where  the  source  is  not  a firing  table 
and  probable  error  s are  given,  they  are  either  from  a limited  number  of 
firings  or  estimated  from  computer  simulations.  These  values  should  be 
considered  as  estimates  only.  It  is  worthwhile  to  repeat  the  warning  in 
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the  discussion  from  Reference  1 about  the  dominant  effect  of  meteorological 
error,  primarily  winds  at  altitudes,  upon  precision  and  the  importance  of 
target  location  error  upon  actual  miss  distances. 

The  only  guided  projectile  considered  in  this  study  is  the  XM712 
(Cannon  Launched  Guided  Projectile  (CLCP)  . The  discussion  of  its  accuracy 
is  given  in  the  classified  Addendum  of  this  report.  Dispersion  data  on 
Soviet  munitions  which  is  available  is  also  included  in  the  classified 
Addendum  to  this  report. 

Aerodynamic  Coefficients 

All  of  the  aerodynamic  coefficients  presented  in  this  report,  except 
foi  the  XM712  (CLCP) , were  estimated  by  the  same  method  and  are  pre- 
sented m the  same  format.  The  method  used  is  documented  in  Reference 
22  and  is  available  as  a computer  program,  SPIN73,  in  FORTRAN.  It 
consists,  basically,  of  empirical  curve  fits  to  a large  data  base  of  the  effect 
of  various  projectile  dimensions  upon  the  aerodynamic  coefficients  (Ret  22)  . 

The  estimates  generated  by  SPIN73  are  given  in  Appendix  B,  except 
for  the  data  on  Soviet  ammunition  which  is  in  the  classified  Addendum. 

Some  discussion  of  the  meaning  of  the  various  column  headings  is  neces- 
sary to  understand  how  to  use  the  output  in  standard  aerodynamic  co- 
efficient form . 

If  we  call  the  total  angle  of  attack  a (radians) , the  spin  p (radians/ 
sec),  and  the  angular  rates  are  pitch,  q,  or  yaw,  r (both  rad/ sec) , then  the 
various  coefficients  are,  in  terms  of  the  SPIN73  tabulated  names,  as  a 
function  of  Mach  number: 


Axial  Force: 

C (M,n)  = CX  + CX2  sin*a 

(1) 

Normal  Force: 

C.,(M,a)  = CNA  sina 
N 

(?) 

Pitching  Moment: 

Cm(M,a,q)  = CMA  sina  + (qd/2V)CMQ 

(3) 

Magnus  Force*: 

C^(M,a,p)  = (pd/2V)CYPA  sina 

(4) 

Magnus  Moment*: 

Cn(M,a,p)  = (pd/2V)  (CNPA  sina  + 
CNF1  A 3 sm*a  4 CNFAS  sin*a) 

(5) 

Rolling  Moment: 

C (M.p)  = (pd/2V)  CLP 

(6) 

♦Primes  indicate  that  this  is  only  the  Magnus  contribution  to 

the  side  force. 

C and  the  side  moment,  C . 
y n 
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wher  e all  tabulated  coefficients  are  functions  of  Mach  nr  iher  (M)  , d is 
the  reference  diameter,  and  V is  the  flight  velocity. 

In  addition  to  the  above,  the  following  are  also  tabulated:  the  normal 

force  center  of  pressure,  CPN  (in  calibers  from  the  nose),  the  Magnus  force 
center  of  pressure  at  1°  and  5°  angle  of  attack,  CPF  [1]  and  CPF  [5]  (from 
the  nose)  and  the  secant  slope  of  the  Magnus  moment  (per  radian)  at  5n 
angle  of  attack,  CNPA  (5]  . Note  that  the  designation,  dimensions,  and 
physical  properties  of  the  orojecciles  are  included  in  the  description  above 
the  coefficient  tables. 

The  SPIN73  generated  coefficients  have  not  been  checked  for  a tra- 
jectory match  with  firing  tables,  where  available,  because  of  the  lack  of 
time;  therefore,  they  have  not  been  perturbed  to  produce  such  a match. 

Based  on  past  experience  and  the  degree  of  coefficient  match  reported  in 
Reference  22,  it  is  expected  that  the  mismatch  is  not  severe  for  projectile 
configurations  within  the  range  of  the  data  base. 

The  XM712  (CLGP)  coefficients  are  presented  in  whatever  form  that 
they  were  available  in  the  references.  Usually  derivatives  with  respect 
to  angle  of  attack  given  in  this  da;a  will  be  Der  radian  . at’ner  than  in  terms 
of  sin  o.  The  Advanced  Development  (AO)  configuration  had  only  a fold- 
ing deflectable  cruciform  ta i 1 and  is  reported  in  Reference  23.  The  Engi- 
neering Development  configuration  added  a cruciform  set  of  fixed  (in 
deflection)  folding  wings  and  this  is  reported  in  Reference  24.  Edited 
excerpts  taken  from  these  sources  are  pr  esented  in  Appendixes  C-1  and  C-2. 

Trajectories  and  Firing  Tables 

Complete  computer  simulated  trajectories  based  on  the  aerodynamic 
coefficients  in  Appendix  C and  the  inertial  properties  discussed  earlier 
are  not  available.  At  the  time  the  termination  of  this  task  due  to  reprogram- 
ming of  funds  became  known,  it  was  decided  that  a thorough  job  of  generat- 
ing aerodynamic,  coefficients  and  collecting  inertial  properties  on  the  pro- 
jectiles was  necessary,  since  it  would  be  impossible  to  compute  trajectories 
at  a later  date  without  this  data. 

Substantial  trajectory  data  are  available  in  this  report.  The  compacted 
firing  tables  of  Appendix  A have  range,  deflection  (angular),  and  quadrant 
elevation  information.  Most  of  this  is  from  firing  tables  (Ref  3-17)  while 
some  is  from  computer  simulated  trajectories  available  for  projectiles  ir.  \ 
development  under  other  projects  or  from  a limited  number  of  firings.  It 


is  not  claimed  that  this  data  can  be  exactly  duplicated  using  the  aerodynamic, 
inertial,  and  initial  conditions  data  in  this  report.  Based  on  past  experience 
with  SPIN73  aerodynamic  coefficients,  the  results  should  be  in  fairly  good 
agreement.  Not  only  is  it  possible  to  refer  to  References  3 to  17  for  finer 
detail  in  range  than  is  in  the  compacted  tables  of  Appendix  A but  these 
references  contain  other  information  that  is  not  in  the  compacted  tables. 
Probably  the  most  useful  of  this  additional  information  is  time  of  flight, 
angle  of  fall,  terminal  velocity,  and  graphs  of  altitude  versus  range . How- 
ever, this  data  is  only  available  for  projectiles  which  have  final  or  pro- 
visional firing  tables. 

The  range  data  on  the  XM712  CLCP  available  in  Reference  24  is 
included  in  the  Ply  Under-Fly  Out  (FUFO)  capability  (Fig  8-15).  This  is 
purely  analytical  data.  More  information  is  available  in  the  Addendum 
under  zoning. 

Similar  compacted  firing  tables  for  those  Soviet  shell  for  which  full 
tables  are  available  have  been  generated  and  are  in  the  Addendum  to  this 
report. 

Control  Aeroballistics 


The  subject  of  this  section  is  the  experimental  and  analytical  investi- 
gation of  the  aerodynamics  of  projectiles  guided  by  aerodynamic  surfaces. 
The  primary  method  of  presenting  the  information  will  be  bibliographies 
of  experimental  and  analytical  methods.  There  is,  of  course,  some  overlap. 
Analytical  reports  will  usually  contain  experimental  comparisons  and  ex- 
perimental reports  will  often  discuss  and  comnare  various  theories  with 
the  data. 


There  has  been  some  aerodynamic  coefficient  data  on  the  XM712 
Cannon  Launched  Guided  Projectile  collected  and  presented  in  Appendixes 
C-1  (AD)  and  C-2  (F.D)  . They  represent  both  its  AD  (tail  alone)  and  its 
ED  (tail  and  wings)  configurations  and  were  taken  from  Control  Aerody- 
namics Experimental  Bibliography  items  CE1  and  CE7,  Data  on  a canard 
control led-fixed  tail  CLGP  design  that  was  not  selected  for  Engineering 
Development  is  available  in  Experimental  Bibliography  items  CE14,  CE15, 
and  CE19. 


The  bibliographies  are  not  meant  to  be  exhaustive  or  deal  with  basic 
aerodynamics.  Hopefully  the  most  recent  and/or  applicable  work  on  aero- 
dynamic controlled  and  guided  projectiles  have  been  included.  It  should 
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he  noted  that  many  of  the  items  listed  are  titles  obtained  from  a computer 
search  and  have  not  yet  been  obtained  for  a more  complete  study  of  their 
applicability. 

The  analytical  methods  that  could  be  studied  exhibit  some  areas  of 
poor  agreement  with  experimental  results.  They  also  usually  do  not  allow 
for  more  than  two  surfaces  at  a particular  body  station.  Multiple  surface 
capability  is  needed  for  all  foreseeable  artillery  rounds.  A typical  difficulty 
with  the  vortex  shedding  approach,  so  widely  used,  is  that  for  in-line  sur- 
faces (e.g.,  wing-tail,  canard-tail  or  canard-wing)  the  vortex  shed  by  the 
forward  surface  may  be  predicted  to  pass  above  (under)  the  rearward  sur- 
face while  experiment  shows  it  passes  under  (above)  the  surface  (see 
discussion  in  CA10)  . Other  experimental  results  indicate  difficulty  in  pre- 
dicting cross-coupling  and  roll  (spin)  effects  in  general  and  also  static 
stability  in  the  transonic  velocity  flight  regime. 

As  part  of  another  task,  preliminary  and  final  aero  data  package 
experimental  programs  were  suggested  for  the  two  configurations  proposed 
for  the  CLGP  ED  program.  These  experimental  efforts  were  intended  to 
investigate  the  expected  trouble  areas  in  both  cases  without  incurring 
excessive  program  costs;  a research  program  would  be  more  extensive. 
These  programs  are  attached  as  Appendixes  D-l  and  D-2.  Appendix  D~1 
applies  to  a canard-controlled  fixed-tail  configuration  and  Appendix  D-2 
applies  to  a fixed-wing  tail-controlled  configuration. 

Analytical  sfudies  should  be  pursued  to  improve  techniques  espe- 
cially for  in-line  surfaces,  transonic  flight,  multiple  surfaces;  and  pitch, 
yaw,  and  roll  coupling. 

Terminal  Ballistics 

Lethality  and  Vulnerability 

The  lethality  and  vulnerability  aspects  of  terminal  ballistics  was  in- 
tended to  be  dealt  with  by  a selected  bibliography  from  the  basic  source, 
Reference  25.  The  fact  that  the  selection  must  be  based  upon  the  descrip- 
tions in  Reference  25  rather  than  upon  actual  study  of  the  possible  selections 
is  unfortunate. 

The  descriptions  in  Reference  25  are  sufficiently  clear  so  that  the 
bibliography  for  this  section  includes  the  most  useful  material  currently 
available.  Vulnerability  of  target  systems  has  been  included  as  an  aspect 
of  lethality. 
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Sensitivity  Coefficients 

Sensitivity  coefficients  are,  in  general,  fir st  partial  derivatives. 

For  example,  holding  all  other  variables  constant,  the  effect  of  projectile 

3 R 3 R 

weight  on  range  is  linearized  as  AR  = A W,  where  is  the  sensitivity 


3W 

coefficient  for  range  with  respect  to  weight. 


The  practice  of  the  US  Army  is  to  include  such  corrections  in  their 
firing  tables  for  muzzle  velocity,  cross  wind,  range  wind,  air  temperature, 
air  density,  and  projectile  weight.  Propellant  temperature  corrections  are 
also  made  indirectly.  There  is  usually  a separate  table  which  gives  the 
change  in  muzzle  velocity  for  a given  propellant  temperature;  this  is  then 
used  as  a muzzle  velocity  correction  to  range. 

The  only  listed  correction  which  is  not  a true  partial  derivative  is 
the  one  for  projectile  weight.  This  range  correction  includes  both  the 
effect  of  changed  muzzle  velocity  and  the  effect  of  changed  ballistic  co- 
efficient, (W/CxA) , during  flight.  This  is  why  a separate  correction  for 
muzzle  velocity  should  not  be  made  for  a weight  variation.  The  muzzle 
velocity  correction  is  to  be  used  for  propeiiant  temperature  corrections, 
as  mentioned,  and  for  other  effects,  such  as  bore  wear. 

Firing  table  corrections  may  appear  to  be  backwards  but  this  is  not 
so.  An  increase  in  muzzle  velocity  will,  for  example,  increase  range;  that 
3R 

is,  — > 0.  But  when  one  looks  at  a firing  table  it  will  be  seen  that  for  a 
ov 

muzzle  velocity  increase  (usually  tabulated  for  1 m/ s)  the  range  correction 
is  given  as  a negative  number,  a decrease.  This  is  because  the  tabulated 
range  change  is  to  be  algebraically  added  to  the  range  desired,  producing 
in  this  case  a shorter  range.  This  will  require  that  the  gun  elevation  be 
set  so  as  to  produce  this  shorter  range.  Then,  when  the  shell  really  flies 
further  because  of  the  increase  in  muzzle  velocity,  the  desired  range  will 
be  reached.  Similar  reasoning  applies  to  all  the  other  corrections  and  is 
the  only  real  difference  between  corrections  and  sensitivity  coefficients. 

(A  tail  range  wind  is  considered  an  increase  and  azimuth  corrections  for 
a cross  wind  are  made  into  the  wind.) 

Most  US  Army  firing  tables  give  ranges  and  range  corrections  in 
meters  and  elevations  and  azimuths  and  their  corrections  in  mils.  One 
Army  mil  is  defined  as  1/6400  of  a circle.  The  usual  increments  in  the 
independent  variables  used  are:  cross  and  range  winds.  1 knot,  muzzle 
velocity:  1 m/s,  air  temperature:  1%of  standard  (518. 7°R,  288.15°K),  air 
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density:  1%of  standard  (0.  002378  slug/fts , 1 . 2250  kg/m’ ) , and  projectile 
weight:  usually  1 square  (SQ)  from  a stated  standard,  e.g. , 2 SQ  STD. 
Atomic  rounds  are  marked  with  their  actual  numerical  weight  so  their  fir- 
ing table  corrections  are  given  per  pound. 

A further  explanation  of  weight  squares  follows.  Artillery  projectiles 
are  stamped  with  square-shaped  marks  to  give  an  indication  of  how  far 
away  the  loaded  projectile  is  from  some  reference  weight.  The  value  of  a 
square  is  different  in  terms  of  pounds  from  one  projectile  to  another.  The 
approximate  values  for  some  projectiles  are  listed  below  (Table  15)  so  that 
a conversion  can  be  made  between  squares  and  pounds.  Another  point  to 
be  kept  in  mind  is  that  a particular  firing  table  may  use  a non-zero  number 
of  squares  as  the  reference  weight  of  a projectile  (the  one  for  which  the 
basic  table  has  been  constructed)  . This  is  always  given  but  note  must  be 
taken.  For  example:  a projectile  is  stamped  with  4 squares  but  the  standard 
number  of  squares  is  given  as  2.  Therefore,  the  range  correction  to  be  made 
is  that  for  + 2 squares  riot  that  for  + 4 squares. 

The  compacted  firing  tables  presented  for  US  projectiles  in  Appendix 
A contain  all  the  corrections  mentioned  above  where  they  are  available. 

The  data  on  those  projectiles  which  have  official  firing  tables  or  provisional 
firing  tables  are  usually  complete.  Whatever  data  was  available  from  other 
projects  has  been  incorporated  into  Appendix  A.  Most  of  the  data,  especially 
on  projectiles  in  development,  is  based  on  computer  simulations  but  a limited 
amount  of  firing  data  is  also  available  and  has  been  included  . Appendix  A 
is  no  exception  to  all  the  data  in  this  report;  whenever  a projectile  datum 
has  been  extrapolated  unduly  or  assumed  the  same  as  some  other  projectile, 
that  value  is  inclosed  in  parentheses. 


Similar  compacted  firing  tables  for  those  Soviet  projectiles  for  which 
the  information  exists  are  presented  in  the  Addendum  to  this  report. 


Table  15 

Approximate  relationship  between  squares  and  weight 


Projectile 

Standard  squares 

Pounds/ square 

Source 

M329A1 

2 

0.25 

Ref  3 

M328A1 

2 (=  7 of  M329A1) 

0.30 

Ref  3 

Ml 

2 

0.6 

Ref  5 

M60,  Gas 

2 

0.6 

Ref  5 

M60,  WP 

5 

1.0 

Ref  5 

M548 

2 

0.5 

Ref  6 

M107 

4 

1 . 1 

Ref  8 

M 1 1 0/  Ga  s 

4 

1 . 1 

Ref  8 

MHO,  WP 

5 

1.1 

Ref  8 

Ml  1 6 

4 

i . 1 

Ref  8 

Ml  16,  Colored 

{=  4 of  Ml) 

— 

Ref  8 

Ml 21 , Al 

8 

1.1 

Ref  8 

M549 

4 

1.4 

Ref  13 

M437A1,  A2 

3 

1.1 

Ref  14 

Ml  06 

4 

2.5 

Ref  15 

M4C4 

4 

2.5 

Ref  17 

* > 


30 


f 


• •»#»»• 


'*♦  - < f *r « r unw >*  — • 


CONCLUSIONS  AND  RECOMMENDATIONS 


The  most  up-to-date  unclassified  aerobal I istic  data  available  on  US 
Army  indirect-fire  projectiles  (105mm  and  up)  has  been  collected  or 
generated.  Aerobal  I istic  is  used  in  a very  broad  sense  to  include:  ex- 
ternal dimensions,  inertial  properties,  trajectories,  zoning,  dispersion, 
sensitivity  coefficients,  aerodynamic  coefficients,  lethality  and  vulner- 
ability, and  controlled  projectile  aerodynamics . 

Classified  data  in  the  above  areas  on  US  projectiies  and  all  data  on 
Soviet  and  Soviet  Bloc  indirect  fire  artillery  projectiles  (100mm  and  up) 
which  were  also  collected  or  generated  are  in  a separate  addendum  to  this 
main  report. 

This  study  concentrated  on  generating  a complete  set  of  aerodynamic 
data  without  any  trajectory  information;  the  rationale  being  that  trajectories 
can  be  run  later  with  the  data.  It  is  not  presently  known  how  closer/  the 
aerodynamic  data,  when  used  in  simulated  trajectories,  will  match  fir*ng 
table  results.  Past  experience  lends  credence  to  the  belief  that  the  match 
will  be  acceptable. 

It  is  recommended  that  further  work  in  this  area  should  assure  con- 
sistency between  predicted  aerodynamic  coefficients  and  firing  table  results 
and  include  free-flight  rocket  aeroball istics . 
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Fig  2.  M101A1  (105mm)  MPI  probable  error  firing  Ml  HE  projectile 
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Fig  3.  M109  (155mm)  MPI  probable  error  firing  M107  HE  projectile 
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Fig  5.  M109A1  (155mm)  MFI  probable  error  firing  M107  HE  projects! 
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Fig  16.  Trajectory  flexibility  clue  to  FJFO  and  high/iow  QF.  options 


Fig  17.  Engagement,  probability,  ball istic  and  FUFO 
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Table  A-3  (continued) 
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Table  A-3  (continued) 


M102  howitzer,  105mm,  firing  Ml 
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Table  A-4  (continued) 


\ 


I 


! V 


B^t Projectile: til.  txvuu  B3l5l O.ar'je: 


Table  A- 


77 


Table  A-5  (continued) 
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M109  howitzer,  155mm,  firing  M107 
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Ml  10  self-propelled  howitzer,  8-inch,  firing  M424 
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Table  6-41 


Table  B-43 


8-inch  XM650E4  (RA,  after  burn-out) 


) 


8-?nch  XM753  (atomic  RA,  launch) 


f 


h XM736  (blk  con) 


APPENDIX  C 

CANNON-LAUNCHED  GUIDED  PROJECTILE  AERODYNAMIC  DATA 
XM712  AD  configuralicn 
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This  summarizes  the  pertinent  data  srd  conclusions  pertaining  to  the 
aerodynamic  characteristics  and  flight  test  performance  of  the  Cannon 
Launched  Guided  Projectile  (CLCP)  configuration.  The  development  of  the 
aerodynamic  characterization  of  this  c-.. -figuration  is  briefly  summarized, 
including  both  theoretical  analyses  and  wind  tunnel  and  fiight  test  results. 

A combination  of  theoretical  analyse",  wind  tunnel  testing  and  flight 
testing  was  utilized  to  examine  the  aerodynamic  performance  capabilities 
of  the  CLGP  airframe.  The  aerodynamic  properties  of  the  first  basic  CLGP 
configuration  were  obtained  by  utilizing  the  Martin-developed  CAMS  com- 
puter program.  The  CAMS  (Computer  Aided  Missile  Synthesis)  program 
aeroaynamic  module  is  basically  a computerized  adaptation  and  extension 
o(  the  US  Air  Force  DATCOM  Stability  and  Control  Handbook.  The  CAMS 
progiam  contains  provisions  to  evaluate  both  linear  and  nonlinear  con- 
tributions to  aerodynamic  coefficients,  including  the  influence  on  aft  lifting 
surfaces  of  vortices  generated  by  forward  lifting  surfaces,  body  vortex 
effects  on  lifting  surfaces,  and  stall  characteristics.  Initial  CLGP  aero- 
dynamics were  based  on  a configuration  with  a length  of  47  inches,  cor- 
responding to  the  alternate  proposed  configuration. 

In  order  to  verify  the  aerodynamic  characteristics  as  predicted  by 
the  CAMS  program,  a wind  tunnel  test  v/as  also  conducted  during  the 
proposal  preparation.  A 75  percent  scale  model  was  constructed  of  alumi- 
num with  high  strength  steel  fins  was  used.  This  model  included  bour- 
reiets  and  the  rear -mounted  obturator.  The  test  were  conducted  in  the 
Liog-Temro  '/ought  4-fout,  high  speed  wind  tunnel  facility  through  a Mach 
numbo-  range  of  0. 4 to  2 . 2,  with  Reynold's  numbers  of  6.55x10®  to 
7. 07x10“  per  foot.  The  model  was  mounted  on  a bent  sting  that  had  an 
angle- of-attack  range  of  from  -5  to  +3'  degrees.  The  tail  fins  were  man- 
ually adjustable  with  settings  at  5-degr  increments  from  -25  tc  +10 
degrees.  Data  from  the  wind  tunnel  test  in  general  substantiated  the  pre- 
dicted aerodynamic  characteristics  as  developed  by  the  CAMS  program, 
with  the  'allowing  exceptions.  To  obtain  equivalent  trim  values  of  normal 
force  coefficient,  the  test  indicated  a required  increase  in  angle  of  attack 
of  2 to  3 degrees  and  approximately  a 5-degree  increase  in  fin  deflection. 
Extraction  of  linear  values  of  normal  force,  pitching  moment  and  control 
power  from  test  data  at  subsonic  Mach  numbers  revealed  a reduction  from 
predicted  values  of  30  to  35  percent.  Following  the  wind  tunnel  test,  aero- 
dynamic coefficient  revisions  were  incorporated  in  the  6 -degree -of-lreedom 
system  simulation  program  in  order  to  bring  the  aerodynamic  data  inputs 
into  agreement  with  the  wind  tunnel  results. 


Because  the  wind  tunnel  test  was  conducted  on  a 75  percent  scale 
model  of  the  47-inch  proposed  alternate  baseline  configuration,  it  was 
necessary  to  apply  corrections  in  order  to  characterize  the  54-inch  air- 
frame. These  corrections  were  based  upon  theoretical  modifications  to 
the  47- inch  wind  tunnel  data. 

The  addition  of  four  strakes  to  the  optical  nose  cone  of  the  Baseline 
CLGP  produced  a new  configuration  identified  as  Baseline  III.  Estimated 
aerodynamic  characteristics  of  this  configuration  were  obtained  by  apply- 
ing theoretical  corrections  to  the  baseline  aerodynamics  in  order  to  ac- 
count for  the  four  large  strakes  on  the  nose. 

At  the  time  the  Baseline  111  aerodynamic  characteristics  were  de- 
veloped, it  was  recognized  that  another  wind  tunnel  test  would  be  required 
in  order  to  verify  the  predicted  coefficients.  A series  of  tests  was  conducted 
in  May  1 972  at  both  the  Ling-Temc.o-Vought  High  Speed  Wind  Tunnel  and 
the  Arnold  Engineering  Development  Center  Propulsion  Wind  Tunnel  (4T)  . 

In  general,  substantiation  of  earlier  data  was  obtained,  with  the  exception 
that  the  Baseline  III  configuration  with  laigc-size  strakes  was  found,  during 
the  LTV  test,  to  oe  statically  unstable  a*  the  higher  Mach  numbers.  There- 
fore, emphasis  during  the  AEDC  test  was  placed  cn  a configuration  with  a 
very  much  reduced  strake  area  which  was  subsequently  to  develop  into 
the  current  Baseline  IV  configuration.  The  aerodynamic  characteristics 
of  the  Baseline  IV  airframe  are  given.  These  data  represent  the  current 
aerodynamic  characterization  of  the  CLGP  configuration. 

The  following  four  plots  (Figures  2 through  5)  present  out-of-plane 
aerodynamic  coefficients  on  a body  axis  system  for  roll  attitudes  of  C,  22.5, 
45,  and  90  degrees.  They  were  derived  from  the  AEDC  wind  tunnel  test 
data,  and  are  based  cn  5 degrees  of  roll  command. They  are  directly  applic- 
able to  the  pitching  and  yawing  moments  deriving  from  vertical  fir,  (num- 
bers 1 and  3)  roll  deflections.  The  similar  contributions  of  the  horizontal 
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where  Cllr,  is  the  pitching  moment  coefficient 
MP 

C'MY  is  the  yav  ing  moment  coefficient 
a is  the  pitch  angle  of  attack 
p is  the  yaw  angte  of  attack 

With  the  addition  of  these  cut-of-plane  coefficients  to  the  aerodynamics, 
the  test  flight  coning  behavior  was  then  predicted. 

Examination  of  flight  test  results  aiso  pointed  out  a discrepancy 
between  predicted  and  actual  roll  rates  during  ballistic  flight.  Roll  rates 
were  typically  10  to  20  percent  lower  ;han  predicted.  Roli  power  was  sub- 
sequently redefined  as  a function  of  total  fin  incident  argle  rather  than  the 
previous  fin  deflection  alcne.  Fin  incident  angle  is  defined  as  the  sum  of 
free-stream  or  bodv  angle  of  attack,  fin  deflection,  and  body  upwash.  In 
the  lateral  case,  it  is  the  sum  c?  body  sideslip  angle,  fin  deflection,  arid 
body  sidewash.  Since  the  CLGc  is  symmetrical  aooui  its  X-X  axis,  angie 
of  attack  and  body  upwash  are  interchangeable  with  sideslip  angie  and 
body  sidewash. 

To  evaluate  body  upwash  (and  sidewash) , plots  of  angle  of  attack 
versus  pitching  moment  coefficient  were  drawn  for  the  body  along  and  for 
the  body  plus  fins  at  several  fin  deflections.  At  the  angle  of  attack  for 
which  tne  body  and  the  body  plus  deflected  fin  pitch  moment  coefficients 
are  equal , the  fin  incident  angle  must  be  zero.  Knowing  the  angle  of 
attack  and  tin  deflection  for  each  intersection  then  provides  a solution  for 
body  upwash  as  a function  oi  angle  of  attack  and  thus  the  slope  of  upwash 
with  angle  of  attack.  Thmsc*  solutions  were  repeated  for  each  of  the  wind 
tunnel  data  Mach  numbers  to  provide  the  upwash  slope  variation  with  Mach 
number . 

With  the  fin  incident  angle  thus  defined,  roll  power  was  then  gen- 
erated from  the  wind  tunnel  data  as  a function  of  this  angle  for  several 
Mach  number^.  These  data  are  shown  on  Figure  6.  Note  that  total  rolling 
moment  coefficient  is  then  defined  as: 


ce  " cc  M'  61  -P  1 +% 

do 
da 

da 
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This  inclusion  of  upward  (or  sidewash)  in  the  aerodynamics  then 
provided  a close  match  with  test  roll  rates. 

In  summary,  the  aerodynamics  as  presented  in  this  report  are  con- 
sidered adequate  Lo  descr;be  the  AD  CLGP  flight  environment  as  verified 
by  comparison  with  test  flights.  The  major  conclusion  to  be  drawn  from 
th*s  report  is  that,  based  upon  existing  flight  test  data  and  analyses,  the 
Baseline  IV  Final  Aerodynamics  appear  to  adequately  describe  the  CLGP 
airframe  aerodynamic  characteristics. 

The  included  curves  of  aer  odynamic  coefficients  are  those  data 
recommended  for  use  in  flight  simulations  of  the  CLGP  projectile.  Stability 
and  control,  axial  'orce,  roll  characteristics,  and  damping  derivatives 
have  been  given  for  projectile  roll  attitudes  of  0 and  45  degrees. 

The  data  curves  given  were  based  on  wind  tunnel  data  measured  on 
a 75  percent  scale  modal  tested  during  May  1972.  Figure  7 presents  the 
axis  system  and  sign  convention,  Referpnce  area  and  length  for  all  co 
efficients  were  0.196  ft2  and  0.5  ft,  respectively.  The  collected  aerodynamic 
coefficients  are  plotted  in  Figures  8-34. 
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Figure  1 in  the  report  from  which  this  Appendix  C is  excerpted 
was  not  needed. 
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Fig  6.  Roll  power 
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Fig  7.  Axis  system  and  sign  convention 
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Fig  30.  Induced  roll  coefficient,^00  = 0.4 
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Fig  31.  induced  roll  coei(ivitnt,M-0  -■  O.fc 
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GEOMETRY  AND  MASS  PROPERTIES 


1 hesc  are  presented  in  Figur  e 35. 


AERODYNAMIC  PROPERTIES 

Static  stability,  drag  buildup,  and  control  effectiveness  data  were 
obtained  t arn  a 75-percent  scale  model  wind  tunnel  test  conducted  in 
March  1 975.  Theoretical  calculations  were  performed  to  define  the  dynamic 
damping  coefficients . The  values  calculated  were  then  correlated  with 
similar  data  for  the  AD  C.LGP,  with  good  agreement.  No  aerodynamic  cross 
coupling  and  control  interaction  effects  were  measured. 

The  aerodynamic  data  on  Figures  3G  through  49  are  presented  in  a 
body  axis  system  about  a center  of  gravity  located  5. 17  calibers  aft  of  the 
nose.  The  reference  area  is  0.196  ft2  and  the  refer  ence  length  is  0.5  foot. 

Potential  !v  critical  configuration  areas  have  been  minimized  in  the 
proposed  configuration.  The  fins  were  sizeo  to  provide  a one-halt  caliber 
static  margin  at  the  highest  launch  Mach  number.  The  wings  were  then 
sized  to  maximize  tr:m  iond  factor  capability  at  the  lower  roach  numbers 
that  will  be  encountered  in  maneuvering  fright,  and  at  the  same  time,  be 
compatible  vith  the  spar,  restrictions  imposed  by  the  feldout  concept. 

Model  buildup  runs  were  conducted  to  provide  critical  evaluation 
of  forebody,  base,  fin,  and  wing  drag.  The  effects  of  tuurrelets,  open 
slotted  controi  housing,  ar  d engraved  obturator  were  evaluated  during 
Ah  testing.  These  cats  confirm  p;  icted  configuration  range  performance. 

During  AD  flight  testing,  configuration  instabilities  arising  from 
aerodynamic  crois  roup  ing  were  experienced.  Consequently  these  cress 
coupling  coefficients  were  estimated 
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APPENDIX  D 


CANNON-LAUNCHED  GUIDED  PROJECTILES  RECOMMENDED 
V.'iNiU-l  L'rvNLL.  1 E.b  Y PROGRAMS 

Canard -control  led  fixed -tail  design 


■v 

•.  n 


Early  ED  Wind  Tunnel  Test  for  Design  Purposes 
Test  Outline 

I.  Body  and  Tail  (controls  undeflected,  rot  I ing  & nonrolling)  . 

A.  Test  Conditions  (except  as  noted,  number  in  parentheses  is 
number  of  values  of  that  variable] 

1.  Mach  No.:  0.4,  0.8,  0.0,  0.95,  1.0,  1.1,  1.25,  15,  2.0  (9) 

2.  Angles  of  Attack:  +6°,  +4°,  +2°,  •>  Y\  +0.5°,  -lc,  -2°,.  -4C, 

-6°,  -8°,  -10°,  -12°,  -14',  -16°,  -i 8°,  -20''  (18) 

3.  Yaw  Angles.  0°  (11 

4.  Roll  Angles  (N.A.  when  rolling) . 0°,  22.5°,  45°,  67. 5C,  90°  (5) 

5.  Roll  Rates:  pd/2V  = 0,  0.007!!.,  0.015,  0.020  (4) 

B.  Number  of  Runs  (one  run  is  one  angle  cf  attack  sweep)  . 


1.  Mach  = 0 8,  Roll  Angles  - 0°.  90°,  180°,  270°:  4 

(correct  any  model  asymmetries  detected.) 

2.  I . A.  1-5  (rolling)  27 

contingency  runs  13 

3.  I.  A.  1-5  (nonrolling)  45 

contingency  runs  22 

4.  Total  in 

C .  Rev  i ensign  as  required . 

II.  Body  and  Tail  and  Canards  (controls  undef  lected ) 

A.  Test  Conditions 


0.8,  0.9, 


0.95,  1.0  (4) 
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1 ..  f.A’.ck  No . . 


2.  / ogles  of  Attack:  Same  as  ! 

3.  YawAngles:  Same  as  I (1) 

4.  Roll  Angles:  Same  as  I (5) 

5.  Roll  Rat  pd/2V  = 0,0.  015  (3) 

B.  Number  of  Runs 

1.  M = 0.8,  Roll  Angles  = 0°,  90°,  180c,  270°: 

(correct  asymmetries) 

2 . II.  A . (nonroll  ing) 
contingency  runs 

3.  II.  A.  (rolling) 
contingency  runs 

4.  Tottv 

Body  and  Ta : I Canards  (controls  deflected) 

A.  Test  Conditions 

1.  Mach  No.:  Same  as  II  (4) 

2.  Angles  of  Attack:  Same  as  I 

3.  Yaw  Angles:  Same  as  I (1) 

4.  Roll  Angles:  A:  0°,  22.5°,  45°,  67.5°,  S0°  (5) 

B:  A plus  112.5°,  135°,  157.5°  (0) 

5.  Roll  Rates:  pd/2V  = 0,  0.0075,  0.015  (3) 


$ 


1 


— ueriections 


a'  Ro"  Program  A at  all  Mach  Nn 

P-tch:  +5°,  -5°,  -7.50  (n0nrc!'ing) 

yaw:  0°  (]}  ' ’0  fit) 

b'  Ro11  p'-°gram  A at  all  Mach  w 

P'tch:  o°  (i)  h No-;  f nonrolling) 

/aw:  -5°,  +5°,  7.50,  +10o  (4J 

yaw:  -5°,  +5°,  +10°  (3) 


°‘  Nuniber  of  Rur)s 

1 ■ Non  r^mng 


d-  Pitch  deflection  only: 

b-  yaw  deflection  only: 

m 

C-  Pitch  and  yaw 

80 

d-  Total 

28C 

2-  Rol  1 1 ncj 

44? 

a-  P'tch  deflection  only; 

b.  yaw  deflection  only: 

3? 

c-  Pitch  and  yaw; 

32 

Total 

72 

C'  R"'ise  =>«'9n  as  R«.uirM 

13? 

Cra0d  T0,i"  * RU"‘  »l 

^eneraf  T«,  C„„5ider„.ions 

^ ■ Test  Methods 

J'  S(*  component  balance. 
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2.  Base  pressure  measurements  will  be  taken  at  least  at  4 points. 


3.  Model  will  represent  expected  flight  condition  (either  en- 
graved obturator  on  or  off)  . 

4.  Flow  visualization  techniques  will  be  used  . 

B.  Test  Models/Facilities 

1 . 0.5  percent  blockage  ratio  not  to  be  exceeded  ai  full  control 
deflections  and  zero  angle  of  attack. 

2.  Test  Reynolds  number  should  be  as  close  to  flight  Reynolds 
number  as  possible;  and  net  below  2 x 10®  (based  on  diameter)  at  Mach  1.0. 

3.  Facilities 

a.  NASA  Unitary  Tunnels,  Ames  Laboratory. 

(1)  High  Reynolds  Number.  Can  match  fl ight  on  a 

full-scale  model . 


(2)  A full-scale  model  would  have  less  than  0. 5 percent 

blockage  ratio. 

(3)  Match  number  range  is  0.7  to  1 .4  in  11 -foot  by  11- 
foot  and  1 . 5 to  2 . 5 in  9-foot  by  7-foot  tunnel . 

(4)  Avai table  at  no  cost . 


(5)  Availability  of  test  time  depends  on  national 

»-»  irtirh  i I IJ  • « L » . w ! C 4—  1 O «*—  a ^ & I — 1 
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(6)  Low  number  of  runs  per  hour  (^2) 


b.  CALSPAN  8-foot  by  8- foot. 

(1)  Capable  of  exceeding  a Reynolds  number  of 
2 x 10®  throughout  control  led  flight  Mach  number  regime. 

(2)  A full-scale  model  would  have  less  than  0.5 
percent  blockage  ratio. 
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is 

f. 


(3)  Mach  number  range  ;s  0.1  to  1 .3. 

(4)  Another  tunnel  is  required  for  supersonic  testing. 

(5)  Cost  is  $1500  per  hour. 


(6)  Test  time  available  immediately. 

(7)  Very  high  number  of  runs  per  hour  (^10)  with  re- 
motely controlled  spin  and  control  surfaces. 

c.  AEDC  4T  with  Supersonic  Blocks 

(1)  Capable  of  exceeding  a Reynolds  number  of 
2 x 1 0®  at  M=1  . 6 and  2.0. 


sonic  conditions , 


(2)  Blockage  requirements  are  not  limiting  for  super  - 


(3)  Mach  numbers  are  1 .6  and  2.0. 


{4}  This  is  considered  the  main  choice  tunnel  for 


supersonic  testing. 


(5)  Cost  is  $720  per  hour. 

(6)  Availability  of  test  time  depends  upon  DOD  priority. 

(7)  High  number  of  runs  per  hour  (=*6)  with  remotely 
controlled  spin  and  control  surfaces. 

d.  AEDC  16-foot  by  16-foot. 

(1)  Can  maintain  Re  = 2 x 10®  (based  on  diameter)  at 
all  Mach  numbers  up  to  1.6. 


blockage. 


(2)  A full-scale  model  would  not  exceed  0.5  percent 


(3)  Cost  is  $1400  per  hour  of  tunnel  occupancy. 


(4)  Availability  of  test  time  depends  upon  DOD  priority. 


277 


(5)  High  number  of  runs  per  hour  (~6)  with  remotely 
controlled  fins  and  spin. 

4.  Model? 

a.  Use  of  existing  model  would  notallow  spin  control  or 
remote  control  setting  of  fin  deflections. 

b.  Use  of  proposed  3/4  scale  model  would  aliow  remote 
control  of  fins  but  would  not  allow  spin  control . 

c.  (1)  A model  incorporating  the  features  in  (a)  must  be 

built. 

(2)  The  test  time  required  for  the  transonic  portion  of 
the  final  test  program  is  probably  too  long  at  any  NASA  tunnel. 

VI.  Recommendations: 

A.  The  NASA  tunnel?  have  been  discussed  because  they  are  available 
at  no  cost.  Eut  if  a high  national  priority  cannot  be  established,  the  time 
delay  in  getting  into  these  tunnels  renders  them  useless.  Therefore,  it 

is  recommended  that  the  CALSPAN  8-foot  by  8-foot  tunnel  be  used  for  tran- 
sonic testing  (it  is  available  on  call)  and  the  AEDC  4T  with  supersonic 
blocks  be  used  for  supersonic  testing. 

B.  The  same  order  of  recommendations  is  made  for  the  final  aero- 
dynamic data  package  required.  Scheduling  will  be  tighter  here,  and  the 
NASA  tunnels  are  definetely  out. 

C.  In  light  of  the  Reynolds  number  problem  and  the  final  configu- 
ration aerodynamic  testing  required  iater  in  ED,  it  is  recommended  that 
the  early  ED  testing  be  done  with  a full-scale,  remotely  controlled  spin 
and  control  surfaces  model . 
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Minimum  Wind  Tunnel  Test  Program  of  Final  Configuration: 


Wind  Tunnel  Test  Requirements. 

1 . Test  configuration  will  be  full-£C3le,  preferably  based  on  actual 
hardware  to  reduce  model  costs  and  for  surface  finish,  and  Reynolds'  number 
matching. 

2.  Test  configuration  will  be  expected  flight  configuration,  e.g., 
obturator  either  on  or  off  as  intended.  If  obturator  is  on,  it  should  be 
engraved. 

3.  All  tests  will  be  made  with  a 6-componer  t balance  plus  instru- 
mentation to  obtain  hinge  forces  and  moments  on  control  surfaces.  Base 
pressure  will  be  measured  . 

4.  The  model  must  be  capable  of  remote  and  independent  control 
of  all  control  surfaces  and  of  model  spin  rate. 

5.  These  surface  variations  must  be  set  within  0.002°  and  data  on 
all  control  variations  and  the  spin  rate  must  be  available  continuously 
during  a tunnel  run. 

6.  Base  pressure  measurements  will  be  taken  at  least  at  one  radius 
every  90°;  this  radius  should  be  half-way  between  the  sting  and  the  edge 
of  the  base  of  the  projectile.  The  pressure  taps  should  be  in  the  base  and 
the  plumbing  routed  inboard  and  then  out  along  the  sting  . External  rakes 
should  not  be  used. 

7.  Data  reduction  will  include  plots  of  all  force  and  moment  co- 
efficients as  functions  of  all  variables  in  test. 

8.  Flow  visualization  techniques  will  be  employed  at  all  times. 

9.  Read  also  the  Early  ED  Test  Plan.  Give  special  attention  to 
Section  V - a discussion  of  Model/Facility  choice. 

10.  If  full-scale  controllable  model  was  used  in  early  ED,  the  model 
is  already  available  and  paid  for.  Any  testing  done  in  early  ED  on  same 
external  configuration  as  final  design  doesn't  have  to  be  done  again  and 
their  time  and  costs  may  be  deducted  from  this  plan.  | 


Test  Outline 


I . Body  Alone 

A.  Test  Condition  (number  in  parentheses  is  number  of  values  of 
that  variable) 

1.  Mach  No.:  0.4,  0.6,  0.8,  0.9,  0.95,  1.0,  1.05,  1.1  , 1.25, 

1.50,  2.0  (11) 

2.  Angles  of  Attack:  +6°,  +4°,  +2°,  +1°,  0.5°,  0°,  -0.5°,  -1°, 

-2°,  -4°,  -6°,  -8°,  -10°,  -12°,  -14°,  -16°,  -18°,  -20°  (18) 

3.  Roll  Angles:  0°,  22.5°,  45°,  67.5°,  9CP,  180°,  270°  (7) 

4.  Yaw  Angle:  0°  (1 ) 

B . Number  of  Runs  (considering  an  angle  of  attack  sweep  as  one 

run):  77 

C.  Any  model  asymmetries  detected  should  be  corrected  and  any 
flow  asymmetries  noted  for  correction  of  data. 

II.  Body  and  Tail  (roll ing  and  nonrolling) 

A.  Test  Conditions 

1.  Mach  Mo.:  Same  as  I (11) 

2.  Angles  of  Attack:  Same  as  I . 

3.  Roll  Angles:  0°,  22.5°,  45°,  67.5°,  90°,  112.5°,  135°,  157.5°, 
except  as  noted  (8) 

4.  Yaw  Angles:  0°  (1 ) 

5.  Roll  Rates:  pd/2V  = 0,  0.  0075,  0.015,  0.030  (4) 

6.  Control  Deflections:  0 (1) 

B.  Number  of  Runs 
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1.  p = 0,  4>  = 0°,  1 80°,  270°,  M = 0. 8:  4 (Asymmetry  check) 

2.  p = 0:  88 

3.  p ^ 0:  33 

4.  Total  125 

C . Correct  any  model  asymmetries  detected  in  I i . B . 1 and  note  flow 
asymmetries . 

III.  Body  and  Tail  and  Canards  (No  control  deflections)  . 

A.  Test  Conditions 

1.  Mach  No.:  0.4,  0.8,  0.9,  0.95,  1.0  (5) 

2.  Angles  of  Attack:  Same  as  I . 

3.  Roll  Angles:  Same  as  II  (8) 

4.  Yaw  Angles:  Same  as  I (1) 

5.  Roll  Rates:  Same  as  II  (4) 

6.  Control  Deflections:  0°  fl ) 


B.  Number  of  Runs 

1 . p = 0: 

40  runs 

2.  p £ 0: 

1 5 runs 

55  runs 

IV.  Body  and  Tail  and  Canards  (controls  deflected,  no  roll  rate) 

A.  Test  Conditions  are  the  same  as  the  early  ED  plan  except  Mach 
No.  are  the  same  as  III  (5) . 

B . Number  of  Runs 


t 
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1.  pitch  deflection  only:  100 

2.  yaw  deflection  only:  100 

3 . pitch  and  yaw:  360 


4.  Total 


V.  Body  and  Tail  and  Canards  (controls  deflected,  rolling) 


A.  Test  Conditions  are  the  same  as  IV. 


B.  Number  of  Runs  (same  as  early  ED)  . 

1.  pitch  deflection  only:  40 

2.  yaw  defl ection  only:  40 


3 .  pitch  and  yaw: 


4.  Total 


VI.  Dynamic  Testing 


A.  Test  Conditions 


1 . Mach  No.: 


a.  Body:  Same  as  I (11) 

b.  Body  and  Tail:  Same  as  I (11) 

c.  Body  and  Tail  and  Canards:  Same  as  III  (5) 

2.  Angles  of  attack:  0°(1) 

3.  Roll  Angles:  0°,  22.5°,  45°  (3) 

4.  Yaw  Angles:  0° 


5.  Roll  Rates:  0° 


6.  Control  Deflections:  All  0 
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VI.  A.  8.  Configurations:  Body,  Body  and  Tail,  Body  and  Tail  and 

Canards  (3) 

B.  Number  of  Runs 
TOTAL:  81 

VII.  Total  Number  of  Runs 


A. 

1: 

77 

B. 

II: 

125 

C. 

III: 

55 

D. 

IV: 

560 

E. 

V: 

170 

F. 

V!: 

81 

C . 

Total 

1149 

VIII .  Cost  and  Time 

A.  Model  (s) : $50,  000  (full -scale) 

+$20,  000  if  two  tunnels  are  used  . 

B.  Tunnel  Times  (alternatives) 

1 . Ames  Unitary  Tunnels:  575  hours 

2.  CALSPAN  8'  x 8'  and  Ames  9'  x 7':  118  + 32  = 1 50  hours 

3.  CALSPAN  8' x 8' and  AEDC  4T:  1 18  + 16  = 134  hours 

C.  Tunnel  Costs 

1.  Ames  Unitary  Tunnels:  0 

2.  CALSPAN  8' x 8' and  Ames  9' x 7':  $1 77K  + 0 = $177K 
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3.  CALSPAN  8'  x 8'  and  AEDC  4T:  $1 77K  + $1 2K  = $1 89K 

D.  Total  Costs  (triodel  & tunnel  time) 

1.  Ames  Unitary  Tunnels:  $50K 

2.  CALSPAN  8'  x 8' and  Ames  9'  x 7':  $247K 

3.  CALSPAN  8'  x 8' and  AEDC  4T:  $259K 

E.  Estimated  Priority  Required  to  Obtain  Tests  on  Time 

1 . High  priority  at  national  level . 

2.  Available  immediately  and  high  national  priority. 

3.  Available  immediately  and  medium  priority  at  DOD  leve 


APPENDIX  D 


CANNON-LAUNCHED  GUIDED  PROJECTILES  RECOMMENDED 
WIND-TUNNEL  TEST  PROGRAMS 

Fixed-wing  tail-controlled  design 


Early  ED  Wind  Tunnel  Test  for  Design  Purposes 
Test  Outline 

I.  Body  and  Tail  (controls  undeflected,  rolling  and  non-rolling) 

A.  Test  Conditions  (number  in  parentheses  is  number  of  values  of 
that  variable) 

1.  Mach  No.  0.4,  0.8,  0.9,  0.95,  1.0,  1.1  , 1.25,  1.50,  2.0  (9) 

2.  Angles  of  Attack:  +6°,  +4°,  +2°,  +1°,  +0.5,  0°,  -0.5°,  -1°,  -4°, 
-6°,  -8°,  -10°,  -12°,  -14°,  -16°,  -18°.  -20°  (18). 

3 . Yaw  Angles:  0°  (1 ) . 

4.  Roll  Angles:  0°,  22.5°,  45°,  67.5°,  90°  (5)  except  as  noted  . 

5.  Roll  Rates  pd/2V  = 0,  0 . 01  5,  0 . 030  (3)  . 

B.  Number  of  Runs. 

1.  Mach  = 0.8,  Roll  Angles  = 0^,  9(F,  180°,  2/tr:  4 (asymmetry 

check) 


2.  Non-rolling: 

4b 

contingency  runs: 

22 

3.  Rolling 

18 

contingency  runs: 

9 

4.  Total 

98 

Revise  design  as  required. 

correct  model  asymmetries 

II.  Body  and  Tail  and  Wing  (controls  undeflected,  non-rolling) 
A.  Test  conditions  (except  as  noted)  . 

1.  Mach  No.  0.8,  0.9,  0.95,  1.0  (4) 

2 . Same  as  I 
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3 . Yaw  Angles:  0°  (1 ) 

4 Roll  Angles:  0°,  2 2.r>°,  45°,  67.5°,  90°  (5) 

B . Number  of  Runs  (one  run  is  one  angle  of  attack  sweep)  . 


Mach  = 0.8,  Roll  Angles  = 0°,  50°,  180°, 

270°:  •" 

(asymmetry 

check) 

II.  A.  1 .-5.: 

?0 

contingency  runs 

10 

Total 

34 

C.  Revise  design  as  required  (correct  model  asymmetries)  . 
ill.  Body  and  Tail  and  Wing  (controls  deflected,  no  rolling). 

A Test  Conditions 

1.  Mach  No.:  Same  as  II  (4). 

2.  Angles  of  Attack:  Same  as  I . 

3 . Yaw  Angles:  0°  (1 ) . 

4.  Roll  Angles:  A:  O',  22.5°,  45°,  67.5°,  90°  (5). 

B.  A plus  112.  5°,  135°,  157.5°  (8)  . 

5.  Control  Deflections: 

a.  Roll  Program  A at  all  Mach  No. 

pitch:  +5°,  -5°,  -10°,  -6  (4). 

Max 

yaw  0°  (1)  . 
roll:  0°  (1)  . 
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b.  Roll  Program  A at  all  Mach  No. 


pitch:  0°  (1 ) . 

yaw.  -5°,  +5°,  +10°,  +6y  (4). 

Max 

roll-  0°  (1)  . 

c.  Roll  Program  B at  M - 0.8  and  8^  = 5°,  Program  A elsewhere. 

pitch:  0°  (1 ) . 
yaw:  0°  (1)  . 

roll:  -2°,  2°,  5C  (3)  . 

d.  Roll  Program  B at  M = 0.8,  Program  A elsewhere, 

pitch:  +5°,  -5°,  -10°  (3)  . 

Yaw:  -5°,  +5°,  +10°  (3)  . 
roll:  0°  (1)  . 

e.  Roll  Program  B at  M = 0.8,  Program  A elsewhere. 

pitch:  -5°,  +5°  (2)  . 
yaw:  0°  (1 ) . 
roll:  -5°,  +5°  (2). 

f.  Roll  Program  B at  M = 0.8,  Program  A elsewhere. 

pitch:  0°  (1 ) . 
yaw:  +5°,  -5°  (2)  . 
roll:  -5°,  +5°  (2). 


* 
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g . Roll  Program  B at  M = 0. 8,  Program  A elsewhere. 


pitch:  +5°,  -5°  (2)  . 
yaw:  -5°,  +5°  (2)  . 

roll:  -5°,  +5°  (2). 

E.  Number  of  Runs . 

1 . 

pitch  deflection  only: 

80 

2. 

yaw  deflection  only: 

80 

3. 

roll  differential  deflection  only: 

f.t 

4. 

pitch  and  yaw: 

207 

5. 

pitch  and  roll : 

92 

6. 

ya  w a nd  ro  i i : 

92 

7. 

pitch,  yaw,  and  roll: 

] 84 

8. 

Total 

798 

C.  Revise  design  as  required  ! 

] 

IV.  Grand  Total  of  Runs:  930  (minimum)  ! 

V.  Grand  Test  Considerations . ] 

A.  Test  Methods. 

1.  6-component  balance.  ] 

2.  Base  pressure  measurements  will  be  taken  at  least  at  4 points.  j 

3.  Model  will  represent  expected  flight  condition  (either  en~  i 

graved  obturator  on  or  off)  . ! 

3 

4.  Flow  visualization  techniques  will  be  used.  j 

1 
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B.  Test  Models/Facilities. 

1 . 0.5%  blockage  ratio  not  to  be  exceeded  at  full  control  deflec- 
tions and  zero  angle  of  attack. 

2.  Test  Reynolds  number  should  be  as  close  to  flight  Reynolds 
number  as  possible;  and  not  below  2x10®  (based  on  diameter)  at  Mach  1 .0. 

3.  Facilities. 

a.  NASA  Unitary  Tunnels,  Ames  Laboratory. 

(1)  High  Reynolds  number  - can  match  flight  on  a 


full-scale  model . 


age  ratio. 


(2)  A full-scale  model  would  have  less  than  0.5%  block- 


(3) Mach  number  range  is  0. 7 to  1 .4  in  1 1 -foot  by  11- 
foot  and  1 .5  to  2. 5 in  9-foot  by  7-foot  tunnel . 

(4)  Available  at  no  cost. 

(5)  Availability  of  test  time  depends  on  national  priority. 
(High  Army  priority  means  6 to  12  month  wait.) 

(6)  Low  number  of  runs  per  hour  (^2)  . 

b.  CALSPAN  8-foot  by  8-foot. 

(1)  Capable  of  exceeding  a Reynolds'  number  of 
2x10*  throughout  controlled  flight  Mach  number  regime. 


age  ratio. 


(2)  A full-scale  model  would  have  less  than  0.5%  block- 

(3)  Mach  number  range  is  0. 1 to  1 . 3 . 

(4)  Another  tunnel  is  required  for  supersonic  testing. 

(5)  Cost  is  $1500  per  hour. 
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(6)  Test  time  available  immediately. 

(7)  Very  high  number  of  runs  per  hour  (”*10)  with 
remotely  controlled  spin  and  control  surfaces. 

c.  AEDC  4T  with  Supersonic  Blocks. 

(1)  Capable  of  exceeding  a Reynolds'  number  of 
2 x 106  at  M = 1.6  and  2.0. 

(2)  Blockage  requirements  are  not  limiting  for  supersonic 

conditions. 

(3)  Mach  numbers  are  * . n and  2 .0. 

(4)  This  is  considered  the  main  choice  tunnel  for  super- 
sonic testing . 

(5)  Cost  is  $720  per  hour. 

(6)  Availability  of  test  time  depends  upon  DOD  priority. 

(7)  High  number  of  runs  per  hour  (^6)  with  remotely 
controlled  spin  and  control  surfaces. 

d.  AEDC  16-foot  by  16-foot. 

(1)  Can  maintain  Re  = 2 x 10*  (based  on  diameter)  at 
all  Mach  numbers  up  to  1.6. 

(2)  A full-scale  model  would  not  exceed  0. 5%  blockage. 

(3)  Cost  is  $1400  per  hour  of  tunnel  occupancy. 

(4)  Availabil  ity  of  test  time  depends  upon  DOD  priority. 

(5)  High  number  of  runs  per  hour  (^6)  with  remotely 
controlled  fins  and  spin. 

4.  Models 

a.  Use  of  existing  model  would  not  allow  spin  control  or 
remote  control  setting  of  fin  deflections. 
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b.  Use  of  proposed  3/4-scale  model  would  allow  remote 
control  of  fins  but  would  not  allow  spin  control . 

c.  (1)  A model  incorporating  the  features  in  (a)  must  be 

built. 

(2)  The  test  time  required  for  the  transonic  portion  of 
the  final  test  program  is  probably  too  long  at  any  NASA  tunnel. 

VI.  Recommendations: 


A.  The  NASA  tunnels  have  been  discussed  because  they  are  avail- 
able at  no  cost.  -But  if  a high  national  priority  cannot  be  established,  the 
time  delay  in  getting  into  these  tunnels  renders  them  useless.  Therefore, 
it  is  recommended  that  the  CALSPAN  8-foot  by  8-foot  tunnel  be  used  for 
transonic  testing  (it  is  available  on  call)  and  the  AEDC  4T  with  supersonic 
blocks  be  used  for  supersonic  testing. 


B.  The  same  order  of  recommendations  is  made  for  the  finai  aero- 

r- L' -a /''i co  ram  liroH  HciiH i 1 1 i \u  i I I 
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NASA  tunnels  are  definitely  out. 


C.  In  light  of  the  Reynolds'  number  problem  and  the  final  configu- 
ration aerodynamic  testing  required  later  in  ED,  it  is  recommended  that 
the  early  ED  testing  be  done  with  a full-scale,  remotely  controlled  spin 
and  control  surfaces  model . 
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Minimum  Wind  Tunnel  Test  Progrrm  of  Final  Configuration: 


% 


Wind  Tunnel  Test  Requirements. 

1 . Test  configuration  will  be  full-scale,  preferably  based  on  actual 
hardware  to  reduce  model  costs  and  for  surface  finish,  and  Reynolds' 
number  matching . 

2.  Test  configuration  will  be  expected  fl ight.  configuration,  e.g., 
obturator  either  on  or  off  as  intended.  If  obturator  is  on,  it  should  be  en- 
graved . 

3.  All  tests  will  be  made  with  a 6-component  balance  plus  instru- 
mentation to  obtain  hinge  forces  and  moments  on  control  surfaces.  Base 
pressure  will  be  measured. 

4.  The  model  must  be  capable  of  remote  t:nd  independent  control  of 
all  control  surfaces  and  of  model  spin  rate. 

5.  These  surface  variations  must  be  set  within  0. 002°  and  data  on 
all  control  variations  and  the  spin  rate  must  be  available  continuously 
during  a tunnel  run. 

6.  Base  pressure  measurements  will  be  taken  at  least  at  one  radius 
every  90°;  this  radius  should  be  half-way  between  the  sting  and  the  edge 
of  the  base  of  the  projectile.  The  pressure  taps  should  be  in  the  base  and 
the  plumbing  routed  inboard  and  then  out  along  the  sting.  External  rakes 
should  not  be  used . 

7.  Data  reduction  will  include  plots  of  all  force  and  moment  co- 
efficients as  functions  of  all  variables  in  test. 

8.  Flow  visualization  techniques  will  be  employed  at  all  times. 

9.  Read  also  the  Early  ED  Test  Plan.  Give  special  attention  to 
Section  V - a discussion  of  Model/Facility  choice. 

10.  If  full-scale  controllable  model  was  used  in  early  ED,  the  model 
is  already  available  and  paid  for.  Any  testing  done  in  early  ED  on  same 
external  configuration  as  final  design  doesn't  have  to  be  done  again  and 
their  time  and  costs  may  be  deducted  from  this  plan. 
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Test  Outline 


I . Body  Alone 

A.  Test  Conditions  (number  in  parentheses  is  number  of  values  of 
that  variable) 

1.  Mach  No.:  0.4,  0.6,  0.8,  0.9,  0.95,  1.0,  1.05,  1.1,  1.25, 

1.50,  2.0  (11) 

2.  Angles  of  Attack:  +6°,  +4°,  +2°,  +1°,  0.5°,  -0.5°,  -1°,  -2°, 

-4°,  -6°,  -6°,  -10°,  -12°,  -14°,  -16°,  -18°,  -20°  (18) 

3.  Roil  Angles:  0°,  90°,  180°,  270°  (4) 

4.  Yaw  Angle:  0°  (1) 

B . Number  of  Runs  (an  angle  of  attack  sweep  is  one  run) : 

1 . Total  44 

- C.  Any  model  asymmetries  detected  should  be  corrected  and  flow 

* asymmetries  noted  for  data  correction. 

II.  BodyandTail  (roll ing  and  non-roll ing)  . 

A.  Test  Conditions. 

1.  Mach  No.:  Same  as  I (11) 

2.  Angles  of  Attack:  Same  as  I . 

3.  Roll  Angles:  0°,  22.5°,  45°,  67.5°,  90°  (5) 
except  as  noted 

4.  Yaw  Angles:  0°(1) 

5.  Roll  Rates:  pd/2V=  0,  0.015,  0,030  (3) 

6.  Control  Deflections:  all  0,  (1)  6 R = -2°,  -5°  (2) 

B.  Number  of  Runs 

% 
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1 . p = 0,  all  6=  0,  0°,  180°,  270°,  M = 0.8:  4 (asymmetry 

check) 

2.  p jt  0,  all  8 = 0 22 

3.  p = 0,  6d  + 0 110 

4.  Total  136 

C.  Correct  any  model  asymmetries  detected  in  II.  B.  1 . and  note 
flow  asymmetries  for  data  correction. 

III.  Body  and  Tail  and  Wing  (no  control  deflection,  non-rolling) 

A.  Test  Conditions 


1.  Mach  No.:  0.4,0.8,0.9,0.95,1.0(5) 

2.  Angles  of  Attack:  Same  as  I 


Pi,.  I I A 

iwi  I r-v i iy<cr. 


t \ 
1°  ) 


4.  Yaw  Angles:  0°  (1) 

5.  Roll  Rates:  0 (1) 

6.  Control  Deflections:  Same  as  II  (1) 
B.  Number  of  Runs: 


1 . 

p = 0.  all  6 = 0 

: 40 

2. 

Total 

40 

IV.  Body  and  Tail  and  Wing  (control s deflecti  d,  no  roll  rate) 

A.  Test  Conditions  are  the  same  as  the  early  ED  plan  except  Match 
No.  same  as  III  (5) 

B.  Number  of  Runs: 
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1.  pitch  deflection  only:  100 

2.  yaw  deflection  only.  100 

3.  roll  differential  deflection  only:  78 

4.  pitch  and  yaw  deflections:  252 

5.  yaw  and  roll  deflections:  112 

6.  yaw  and  roll  deflections:  112 

7.  pitch,  yaw,  and  roll  deflections:  224 

8.  Total  978 

Dynamic  Testing 

A.  Test  Conditions 

1 . Mach  No . : 

a .  Body:  Same  as  I (11) 


b.  Body  and  Tail:  Same  as  I (11) 

c.  Body  and  Tail  and  Wing:  Same  as  III  (5) 

2.  Roll  Angles:  0°,  22.5°,  45°  (3) 

3.  Yaw  Angies:  0 ( 1 ) 

4.  Roll  Rates:  0 (1 ) 

5.  Control  Deflections:  All  0 

6.  Configurations:  Body,  Body  and  Tail,  Body  and  Tail  and 

Wing  (3) 

B.  Number  of  Runs 


1 . Total  81 


VI.  Grand  Total  of  Runs  Required 


A.  I 44 

B.  II  136 

C.  «ii  40 

D.  IV  978 

E.  V 81 

F.  Total  1279 
VII . Cost  and  Time 

A.  Model  (s) : $50,000  (full-scale) 

+$20,  000  if  two  tunnels  are  used . 

B.  Tunnel  Times  (alternatives): 

1.  Ames  Unitary  Tunnels:  656  hours 

2.  CALSPAN  8'  x 8' and  Ames  9' x 7'  : 132  +30  = 1 62  hours 

3.  CALSPAN  8'  x 8'  and  AEDC  4T:  132  +1  6 = 148  hours 

C.  Tunnel  Costs 

1.  Ames  Unitary  Tunnels:  0 

2.  CALSPAN  8'  x 8' and  Ames  9' x 7'  : * : 98K  +0  = $1  98K 

3.  CALSPAN  8'  X 8' and  ALDC  4T:  $1  98K  + $1 2K  = $21  OK 

D.  Total  Costs  (model  and  tunnel  time) 

1.  Ames  Unitary  tunnels:  $50K 

2.  CALSPAN  8'  x 3'  and  Ames  9'  x 7'  : $268K 

3.  CALSPAN  8'  x 8'  and  AEDC  4T:  $280K 
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Estimated  Priority  Required  to  Obtain  Tests  on  Time 

1 . High  priority  at  national  level 

2.  Available  immediately  and  high  national  priority 


3.  Available  immediately  and  medium  priority  at  DOD  level 


DISTRIBUTION  LIST 


Department  of  the  Army 

Office,  Chief  of  Research  Development  & Acquisition 
ATTN:  DAMA-CB,  LTC  Ogden 

Maj  j.  Grimshaw 
Washington,  DC  2031  0 

Department  of  the  Army 

Office,  Asst  Chief  of  Staff  for  Force  Development 
ATTN:  CNNU,  LTC  Cowan 

Washington,  DC  20310 

Commander 

US  Army  Materiel  Development  6 Readiness  Command 
ATTN:  DRCRD-RS-PE-BAL,  Col  J.  Canahl 

Mr.  V.  Suski 
DRCDL,  Mr.  N.  Klein 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

Commander 

US  Army  Armament  Research  £ 

Development  Command 
ATTN.  DRDAR-SE,  Mr.  J.  A.  Brinkman 

Dr.  R.  Moore 
DRDAR,  Mr.  R.  Hollendorf 
Dover,  NJ  07801 

Director 

Ballistics  Research  Laboratory 
US  Army  Armament  Research  6 
Development  Command 
ATTN:  DRDAR-BLL,  Dr.  C.  Murphy 

Mr.  R.  H.  Krieger 
Mr.  L.  MacAllister 
Mr.  R.  McCoy 
Mr.  A.  Platou 

Aberdeen  Proving  Ground,  MD  21005 
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Commander 
Frankford  Arsenal 
ATTN;  Mr.  D.  Fernianski 
Bridge  and  Tacony  Streets 
Philadelphia,  PA  19137 

Commander 

US  Army  Missile  R&D  Command 
ATTN;  DR5MI-RDK,  Mr.  R.  Deep 

Mr.  R.  E.  Becht 
Chief,  Document  Section 
Redstone  Arsenal,  AL  35809 

Commander 

US  Army  Test  and  Evaluation  Command 
Test  Operations  Directorate 
A"1  TN:  Mr.  D.  Reich 

. -erdeen  Proving  Ground,  MD  21005 

Commander 

TRADOC  Headquarters 
ATTN:  ARCD-CF,  Col  E.  Kroff 

Maj  Coubion 
Fort  Monroe.  VA  23315 

US  Army  Combined  Arms  Combat  Development  Activity 
ATTN:  Mr.  F.  Walcott 

Mr.  L.  Follis 

Fort  Leavenworth,  KS  66027 
Commander 

US  Army  Intelligence  Center 
Fort  Huachuca,  AZ  85705 

Commander 

US  Army  Combat  Developments  Command 
Nuclear  Agency 
Fort  B iss,  TX  79916 


15 


16 

17 

18 


19 


20 

21 


22 

23 


24 


25 
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Commander 


US  Army  Field  Artillery  School 
ATTN:  ATSF-CD,  Col  J.  Barron 

26 

Col  B.  Brooks 

27 

Maj  W.  Moorehead 

28 

ATSF-CD-P,  Co!  S.  Arculis 

29 

Capt  V.  Bettencourt 

30 

ATSF  CTD-L,  Capt  .V.  Yap 

31 

For  t Sill,  OK  73501 

Commander 

US  Army  Electronics  Command 
ATTN:  Col  K.  Evans 

32 

Mr.  W.  Fishbein 

33 

Dr.  C.  Wiseman 

34 

Col  W.  Harrison,  MALOR  Proj  Mgr 

35 

Fort  Monmouth,  NJ  07704 

Defense  Documentation  Center 
Cameron  Station 
Alexandria,  VA  22314 

36 

Chief,  Bureau  of  Naval  Weapons 
Department  of  the  Navy 
ATTN  DIS-33 
Washington,  DC  20360 

38 

Commander 

Naval  Ordnance  Systems  Command 

ATl'M-  ORn  Mr  W 1 Roni  i irto 

Washington,  DC  20360 

39 

Commandant  of  the  Marine  Corps 
Department  of  the  Navy 
ATTN:  A04F 

Washington,  DC  20360 

40 

Commander 

US  Naval  Surface  Weapons  Center 
White  Oak  Laboratory 
ATTN:  Research  Library 

41 

Mr.  F.  Regan 

42 

Mr.  S.  Hastings 

43 

White  Oak,  Silver  Spring,  MD  20910 
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Commander  s Director 

US  Naval  Ship  Research  S Development  Center 

ATTN:  Aerodynamics  Laboratory  44 

Washington,  DC  20007 

Commander 

US  Nava!  Weapons  Center 

ATTN:  Technical  Library  45 

Code  5557  46 

China  Lake,  CA  93557 

Commander 

Air  Proving  Ground  Center  (PGTRi) 

ATTN:  Technical  Library  47 

Mr.  C.  Butier  48 

Eglin  Air  Force  Base,  FL  32542 

Commander 

US  Naval  Surface  Weapons  Center 
Dahlnrpn  La  prater1' 

ATTN:  Technical  Laboratory  49 

Dr.  W.  Chadwick  50 

Mr.  C Wingo  51 

Dr.  F.  Moore  52 

Dahlgren,  VA  22448 

Hq,  Air  Force  Armament  Laboratory 

ATTN.  ATX  53 

Eglin  Air  Force  Base,  FL  32542 

Hq,  Air  Force  Systems  Command 

ATTN:  SCTS  54 

Andre  .vs  Air  Force  Case,  MD  20331 

Advanced  Research  Projects  Agency 
Tactical  Technology  Office 

ATTN:  Col  H.  Federhen  55 

Dr.  L.  Strom  56 

Mr.  R.  Moore  57 

Mr.  B.  James  58 

Architects  Building 
1400  Wilson  Boulevard 
Arlington,  VA  22209 


y 
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Assistant  General  Manager  for  Military  Applications 

Energy  Research  f Development  Administration  - 59 

Washington,  DC  20545 

MIT  Lincoln  Laboratory 

ATTN:  Mr.  P.  O.  Jarvinen  60-84 

P.O.  Box  73 
244  Wood  Street 
Lexington,  MA  02173 

Commander 

US  Army  Armament  Research  and  Development  Command 


ATTN-  Scientific  and  Technical  Information  Division  85-89 

DRDAR-LC,  Coi  P.  Kenyon  90 

Dr.  J.  Frasier  91 

Mr.  A.  Moss  92 

DRDAR-LC  A,  Dr.  E.  G.  Shai  koff  93 

DRDAR-LCA-F.  Mr.  A.  A.  Loeb  94-1 P3 

Mr.  D.  H.  Mertz  104-108 

Mr.  E.  W.  Falkowski  109 

Mr.  H.  Hudgins  110 

Mr.  S.  D.  Kahn  111 

Mr.  E.  M.  Friedman  112 

DRDAR-LCN,  Mr.  D.  Costa  113 

Mr.  C.  Spinel  I i 114 

DRDAR-LCIJ,  Mr.  R.  Corn  115 

Mr.  M.  Margolin  116 

Mt  . R . Reisman  1 1 7 

Mr.  J.  Dubin  118 

Dover,  NJ  07801 

Mr.  H.  L.  O.  Smith  119 

ICS  United  States  Inc. 

P.O.  Box  6005 
Chattanooga,  TN  37401 


Office  of  the  Project  Manager  for 
Cannon  Artillery  Weapons  System 


ATTN: 

DRCPM-CAWS,  Mr. 

F.  Menke 

120 

Mr . 

H.  Noble 

121 

Mr. 

M.  Fisette 

122 

Dover , 

NJ  07801 
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Office  of  the  Project  Manage*-  for 
Selected  Ammunition 

ATTN:  DRCPM-SA,  Mr.  B.  Karin  123 

Mr.  M.  Chase  124 

Dover,  NJ  07801 
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